There are few data available on free thyroid hormone concentrations in the early neonatal period. With the widespread application of screening procedures for detecting congenital hypothyroidism there is a need for reference ranges in neonates. In this study we have evaluated thyroid function in healthy fullterm and preterm neonates, and sick neonates all within one to to days postnatal age. Our data indicates that free thyroxine but not free triiodothyronine is higher in fullterm neonates than the adult reference range and that both free thyroid hormone concentrations are reduced in healthy and sick preterm neonates as compared to fullterm neonates. Assessment of thyroid function in the early neonatal period needs to take into account these changes particularly in preterm and sick preterm neonates.
SUMMARY. There are few data available on free thyroid hormone concentrations in the early neonatal period. With the widespread application of screening procedures for detecting congenital hypothyroidism there is a need for reference ranges in neonates. In this study we have evaluated thyroid function in healthy fullterm and preterm neonates, and sick neonates all within one to to days postnatal age. Our data indicates that free thyroxine but not free triiodothyronine is higher in fullterm neonates than the adult reference range and that both free thyroid hormone concentrations are reduced in healthy and sick preterm neonates as compared to fullterm neonates. Assessment of thyroid function in the early neonatal period needs to take into account these changes particularly in preterm and sick preterm neonates.
The sequence of events leading to the development of the thyroid and the control and secretion of the thyroid hormones in the fetus has been well reviewed by Fisher. I At birth, an acute release of thyrotrophin (TSH) occurs which stimulates an increase of both thyroxine (T 4 ) and triiodothyronine (T 3 ) concentrations in serum. The peak TSH concentration occurs within an hour of birth but rapidly declines during the first 24 h with a slower decrease over the following two days. Serum T 4 and free T 4 concentration after peaking at 24 h then slowly decrease during the first few weeks of Iife. 2 • 3 Essentially similar changes occur in serum T3 and free T3 concentrations. In premature neonates without serious illness, both T 4 and TSH follow the same pattern as fullterm neonates although at a lower level.
Although there are published indices of thyroid function in healthy babies and children,": 5. 6. 7 in premature babies using cord blood ll • 9 • 10 and serum, II. 12. 13 and in prematures with respiratory distress syndrome;" information on free thyroid hormone concentrations measured by the newer direct technique in the early neonatal period is more limited. With the widespread adoption of screening proce-Correspondence: Rhys John. dures for congenital hypothyroidism using the filter paper blood sample collected between three and seven days postnatally, there has been an increased need to evaluate thyroid function in neonates. In most instances, using TSH as the screening assay, the diagnosis of neonatal hypothyroidism is easily made but in a proportion who show only moderately increased TSH concentrations, full thyroid function tests may need to be done to determine whether any thyroid dysfunction is present. These moderately increased TSH concentrations are usually only transient elevations and are seen particularly in preterm infants or in acutely ill infants. 15 The aim of this study was to define normal serum free thyroid hormone concentrations in fullterm, preterm and sick preterm neonates.
Materials and methods
A total of 104 neonates, with ages ranging from one to 10 days were studied. Five were delivered with the aid of forceps, 20 by caesarian section and the remaining were delivered vaginally. The fullterm group consisted of 52 newborns with gestational ages ranging from 37 to 41 weeks. These were all in good clinical condition apart from having a mild jaundice which quickly disappeared. In only two neonates was it sufficiently severe to require treatment by phototherapy. Of the preterm group of 25 newborns. eight had mild respiratory difficulties at birth. the rest were well. Fourteen of the group of 27 newborns who were preterm and sick had severe respiratory distress syndrome (RDS). the rest had a variety of illnesses including septicaemia. pneumonia and other complications. The clinical data on these neonates are presented in Table I .
Arterialised capillary blood samples were taken. the serum was separated and any remaining after other biochemical tests were completed was stored at -2lfe until assayed. Serum concentrations of free T4 and free T3 were measured by the Amerlex analogue methods (Amersham International pic. White Lion Road. Amersham, Bucks. UK). With this assay we had previously established reference intervals in 134 adult normal subjects;" the mean free T 4 concentration was IH·5 pmollL 
Results
Because of the numbers of subjects the data from each group, fullterm (FT), preterm (PT) and pretcrm sick (PTS) were analysed by grouping the results from the first three days and comparing them with the results from days four to I()postnatalIy. For each group there was no significant difference in the gestational age or birth weight between these two periods ( 
Gestational age (weeks) FIG. 2 . Serum free T 3 versus gestational age.
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weight of the preterm groups were significantly different (P<O·OOI) from the fullterm group.
Except for free T4 in PT compared with Ff neonates ( Table 2 , b vs d) both serum free T 4 and free T3 concentrations were significantly lower in PT and PTS neonates than FT neonates in both periods after birth. The corresponding albumin concentrations showed no significant decrease. Apart from the free T4 concentration in FT neonates which showed a significant decrease and free T .1 concentrations in PTS neonates which showed a significant increase, there was no significant difference in the free hormone concentrations between the periods 1-3 days and 4-10 days postnatally. In the PTS group both the free T4 and free T3 concentrations were significantly reduced at 1-3 days postnatal age but not at 4-10 days as compared to the PT group. As depicted in Figs I and 2. in the well neonates both free T 4 and free T .1 concentration correlated significantly with gestational age (r=()'64, P<()·OI. and r=()·59, P<()·Ol, respectively). There was also a positive significant correlation of free T 4 and free T 3 concentrations with birth weight (r=()·51, P<()·OI and r=0'41, P<O·OI, respectively). ..., with a reference interval of J() to 26 pmol/L (±2 SO of the mean) and the mean free T3 concentration was 6·() pmol/L with a reference interval of 3·6 to 8·4 pmol/L (±2 SO of the mean). The between-assay precision of the free T~assay was 4,5'1., at 12·7 pmol/L and 5·W¥', at 42 pmol/L and that of the free T3 assay was 3·3% at 3·4 pmol/L and 5·7% at II pmol/L. Albumin was measured immunochemicalIy by rate nephelometry (Hyland). The free hormone measurements were made in duplicate and the albumin measurements were made singly. Unfortunately. because of the small amount of serum obtained from some neonates not alI of the assays were carried out on every specimen. Statistical analysis was done using the Student's r-test for unpaired data. 
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Discussion
Serum concentrations of total thyroid hormones show marked changes after birth. It is well established that total thyroid hormone concentrations are lower in preterm infants. 'small-for-dates' babies and sick infants. The use of a reference range of thyroid hormones in this age must take into aceount these factors before assessing the biochemical status of the infant and there are published. various age related reference ranges. Free T4 in healthy preterm infants rises after birth to peak at 36-48 h and then declines to a mean of 6·0 ngllOO mL (77 pmol/L) at~72 h. 2 Free T 3 concentrations peak earlier at 24 h and then decline to a mean of 620 pgllOO mL (9·5 pmol/L) at 60-72 h after birth. Serum concentrations of thyroxine binding globulin remain unchanged during the first five days after birth. In one study of free T 4 in term, preterm and sick infants, the mean free T 4 concentration was lower in intensive care babies than healthy term babies. 17 Low free T 4 and free T 3 concentrations were also found in low birth weight infants. Ill. I() Free T4 concentrations at 5, 10 and 15 days post partum showed no difference in breast-fed or bottle-fed babies/" and in another study to assess the effect of various factors on neonatal thyroid function only birthweight correlated with FTc oncentrations."
In an area of relative iodine deficiency in Belgium. thyroid function was deficient in preterm infants as compared with fullterm infants and was related to their degree of prematurity.F In 89% ofthe infants studied the deficiency was transient and disappeared progressively with age but the remaining 11% developed transient and overt biochemical evidence of hypothyroidism. There is no evidence of iodine deficiency in the United Kingdom and we may be developing into an area of high iodine intake.P The prevalence of transient neonatal hypothyroidism in the UK has not been reported but it would appear to be an uncommon occurrence/" compared with iodine deficient areas of Europe.2$ Our own study shows that free T4 and free T3 concentrations were significantly lower in preterm than fullterm infants and were lower still in sick preterm infants. In the three groups the only significant change in free thyroid hormone concentrations at 4-10 days as compared to 1-3 days was a decrease in free T 4 concentrations in FT infants and an increase in free T3 concentrations in PTS infants. Combining the data from the FT and PT groups. both the free T 4 and free T3 concentrations were positively correlated with gestational age and birth weight. Clearly an adult reference range for free thyroid hormones is inappropriate in the neonatal period as 50% of free T4 concentrations in FT neonates at 1-3 days are above the normal range and 93% of free T 3 concentrations in PTS neonates at 1-10 days are below the adult normal range.
Some investigators have found that the Amerlex free T 4 method is influenced by the albumin concentration of serunr" and that the method principally reflects the albumin-bound fraction of T 4 • 27 We measured serum albumin concentrations and found that in samples collected within the first 10 days postnatally there was no significant difference in the albumin concentrations in each group studied. In the healthy fullterm and preterm neonates there was no significant correlation of free thyroid hormone measured by the analogue method with their albumin concentration. The lower free T 4 and free T 3 concentrations we found in PTS neonates at 1-3 days as compared to PT neonates would appear not to be dependent on their albumin concentrations which were normal.
The early postnatal surge in TSH secretion is lower in premature neonates with RDS than those without RDS 2X • 2() while both serum T 4 and T3 concentrations and free thyroxine index were significantly reduced in those with RDS. The significantly lower concentration of free thyroid hormones that we have observed could be due to a combination of immaturity of the thyroid-hypothalamic-pituitary axis and to the metabolic effects of their illness.
